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COMPLETE SPECIFICATION 



Meta! Electrodes for Galvaroac High-Te^Kuperatiire Fuel Cells 



We, Brown, Bovssi & Co.mpan y Limited, 
a corporation organised under the lav/s of the 
confederation of Svritzerland, of Eaden, Swit- 
zerland, do hereby declare the invention, for 
which we pray that a oaten t may be .;Tranted 
to us, and the method by which it is to be 
perforr-?ed, to be parriculnrly described in and 
by the following statement : — 

The invention relates to mhp.nk high-tem- 
oerature fuel celJs r/hich include nn o:r/gen- 
ion-conductin^ ?oh"d electrolyte, and which 
employ gases as fuels. 

Accordins to the invention, there is provided 
a galvanic fuel cell for use at elevated tem- 
peratures, coraprisinfT a solid electrolyte body 
of an o:iygen-ion conducting material, and 
wherein the cell anode consists cf copper or 
copper alloy impregnated '.vithin a porous sur- 
face layer of an o::ygen-ion cond-ictins: mat- 
erial on said solid electrolyte body, the copper 
alloy having a main ingredient of copoer. 

It is surprising that a copper anode sticks 
satisfactorily to a solid electroh/te v/hen the 
working temperature of the cell' i.s only verv 
little below the meliing point of the metal. 
At this p^mperature copper cxocricnces very 
considerable rccrvstaUis-jtio.'! phenomena which 
should irarnir adhesion r.nd therefore ^l?ctrode 
activir.'. but no such impairment can be ob- 
served. Curves in which current density is plot- 
ted against volta?c for copper anodes in a cell 
show that the .".node sticks" jatisfactorily; also, 
no concentration polarisation cnn be observed, 
indicating that, the combustion products can 
diffuse satisfactorily. 

To form the anode a solid electrolyte having 
a porous surface is nnpregnated with a copper 
salt solution or melt, or with mixtures of a 
copper salt solution or melt and one or more 
alloy metal salt solutions or alloy metal salt 
melts which are subsequently reduced to cop- 
per or the alloys of copper. Copper must form 
the main ingredient of the metal phase of the 
alloys.^ Nidiel, cobalt, manganese, chromium 
and silver can be used as alloy ingredients, 

[Price Ss. Od,] 



The alloying enables the electrode vapour 
pressure at the working temperature to be low- 
ered. Also, some alloy ingredients, such as 
nickel, help to increase the solubility of the 
hvdrcsicn in the anode and thus increase the 
efficiency of the anode. 

The drav/insr shows a voliase /current-den- 
sity curve I of a high-temperature fuel cell: 
^le curve wa-, plotted at "a tcmoera.ture of 
900OC with a copper electrode according to 
ge invention as anode and a silver cathode. 
Hydrogen was used as combustion gas and 
o::vsen as oriidismg a?ent. Ojrve II was plot- 
ted in comr>arabIe conditions but with a con- 
ventional platinum Pnode. The current density 
is plotted along the abscissa in mA/cm= and 
the cell voltage in mV is plotted along the 
ordmate. After 300 hours oocration 3r a" cur- 
rent density of 300 mA/cni= there w&s no de- 
crease m anode activity. This is verv surpris- 
ing, sine* the working rcnineraiure is so high 
jn r-J^rfon to the mcltinrr noinr of copper 
nor^'^O t\m n reduction in anode activity 
could be OKDected b<*Cfiuse of rccn/stallisation 
nhenomena cf the metal. If recrvsrallisation 
should prove disadvantageous after prolonged 
operation of the clectrcd?, the anode can be 
regenerated quite simply by the copper being 
0T.',(J:sr^4 with pure oxygen or air, then reduced 
agam. A regenerated anode has the same 
vo!ta!;e/current-density characteristic as the 
curve I of the drawin?. 

The nreparation of the above described an- 
ode will be described in the following exam- 
ples. 

E.tAMPLE 1 
To prepare the electrolyte, 2 g of a mixed 
OKide, comprising 92 mol V, of zirconium ox- 
ide and 8 mol y. of yttrium oxide, are charged 
mio a 24 mm diameter mould and pressed 
smooth at a vcnr low pressure of approximate- 
ly 1 kp/cm«. This layer is coated with 200 
mg of an intimate mixture of 40V. by volume 
of the same oxide powder with 60y, by vo- 
lume of ammonium carbonate and the whole 
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is pressed at high pressure (about 5 Mp/cm«; 
to form a tablet. The ammonium carbonate 
serves as a porc-forming agent and is decom- 
posed without trace in vacuo at about 90 C 
for 1 hour. The moulding is baked at 1800 C 
for 3 hours, the porous layer becommg firmly 
sintered to the dense electrolyte layer. The 
porous electrolyte layer is impregnated with 
a saturated solution of copper nitrate, and the 
salt is roasted to form the oxide by being heat- 
ed at 500°C. This step is repeated twice, with 
the result that the porous support layer 
receives an adequate quantity of copper oxide, 
so that after the oxide has been reduced to 
its metal, a porous conductive electrode is pro- 
vided which forms the anode in the fuel cell. 
The reduction to the metal is performed m 
this cell by the action of the fuel gas. 

Example 2 
The porous electrolyte layer whose prepara- 
tion has been d'^scribed in Example 1 is im- 
pregnated with a concentrated solution of a 
Conner tctramine complex. Keduciion of the 
salt to its metal leads to a conduaive electrode, 
provided thr\t the impregnation is repeated 
several times. As copper complex, there can 
be used, e.c. copper tetramine hydroxide in 
concentrated ammonia solution. Decomposi- 
tion to the oxide is oerformed at about 400°C. 
Reduction to the metal is performed in the 
cell with the action of the fuel gas. As cornplex 
salts there can also be used those of the simple 
aliphatir amines, such as methylamine and 
cthylamine, and of amino acid with copper. 

Example 3 
The porous electrolyte layer whose prepara- 
tion has been described in Example 1 is im- 
presrnated with a mixture of saturated copper 
nitrate solutions and nickel nitrate solution. 
After removing the solvent the salts are de- 
composed to the oxide at 500»C and reduced 
to the metal allov with hydrogen or some other 
reducing atrent. The salt concentrations chosen 
are such that copper forms the main ingredient 
of the phase; one possible composition is 60% 
Cu, 40V Ni. 

Example 4 
A copper-silver elearode is prepared in a 
•iianner analogous to that set forth in Example 
3. The impregnated solid electrolyte is treated 
with hydrogen at about 400°C. After sintering 
in hydrogen at 900^C the electrode is ready 
for use. 

Ancntion is drawn to our copendmg appli- 
cation numbered M237/67 (Serial No, 
1,189,222) in which is claimed other aspects 
of the process herein described. 



WHAT WE CLAIM IS: — 

1. A galvanic fuel cell for use at elevated 
temperatures, comprising a solid electrolyte 
body of an oxygen-ion conducting material, 
and wherein the cell anode consists of copper 
or copper alloy impregnated within a porous 
surface layer of an oxygen-ion conducting mat- 
erial on said solid electrolyte body, die copper 
alloy having a main ingredient of copper. _ 

2. A fuel cell according to claim 1, wherem 
the bodv and the layer arc formed from sm- 
tered particulate electrolyte material. 

3. A fuel cell according to claims 1 or 2, 
wherein the materials of the porous surface 
layer and the solid electrolyte body are the 

same. , . , _ 

4. A fuel cell according to claims .1, 2 or 
^. wherein the minor ingredient or ingredients 
of the copper allov is or arc selected from the 
group cobalt, nickel, manganese, chromium 

and silver. , . 

^. A galvanic fuel cell accordme to claim 
1 and having an anode produced bv a process 
snbstamiallv as herein described in any one 
of the examples. 

6 Process for the oroduction of an anoac 
of a galvanic fuel cell used at elevated tem- 
oeraturcs. the fuel cell includin£ a solid elec- 
trolvte bodv of an oxygen-ion conducting mat- 
erial, wherein a oorous surfaa laver Of an oxy- 
gen-ion conducTioR material on said solid tlcc- 
trnlvtc bodv is imoreenated with a coooer salt 
solution or melt, or a mixnire of a coooer salt 
solution or melt and an alloy metal salt solu- 
tion or melt, and wherein the anode is formed 
by reducinc the soUitionrs) or mtWs^ to copper 
or copocr alloy. , . ^ u • 

7. Process according to claim 6. wnerein 
orior to the impregnation steo a body of oarti- 
culate electrolyte material has formed thereon 
a laver consisting of a partiailate mixture of 
elearolvte material and a pore forming agent, 
where the bodv and laver thereon is hrM 
pressed, and then sintered to provide a sintered 
body in which the pore forming ageiit is de- 
composed to provide a porous surface layer. 

8 Process for the production of an anode 
of a galvanic fuel cell used at elevated icni- 
peiatures, substantially as herein descnbcd m 
any one of the examples. 

A. A. THOROTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303/306 High Holborn, 
London, W.C.'l. 
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